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TC for SMAP Sparse Network Evaluations

Å Sparse network metrics are relatively worse than those obtained at core sites 

(ubRMRE increased by ~0.012 m3m-3 and R decreased by ~0.15 [-]).

Å Original SMAP Triple Collocation (TC) approach [Miralles et al. 2013]:

ü Soil moisture triplet will consisting of [sparse, LSM, SMAP].

ü TC would be used as a effective upscaling tool to compensate sparse 

network validation metrics for their spatial sampling deficiencies. 

ü Use core site data as a verification tool for TC assessment.

Å Lessons learned during SMAP cal/val [Chen et al. 2016; 2018]:

ü TC is robust but only after seasonality has been removed to ensure a 

stationary time series.

ü ubRMSE correction is not possible due to lack of adequate scaling 

reference (i.e., one product lacking both multiplicative and additive bias).

üñUncorrectedò comparisons to sparse network observations proved to me 

unexpectedly robust (in a relative sense).
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Recent TC Developments/Future Directions

To date we have applied very simple statistical models to describe random soil 

moisture retrieval errors (i.e., additive, stationarity, white and independent).

Reality is messier and we run the risk of mis-interpreting and/or under-utilizing 

SMAP soil moisture products if we fail to recognize this.

Utilization of TC variants/extensions to provide a more complete picture of soil 

moisture retrievals errorsé
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Reality is messier and we run the risk of mis-interpreting and/or under-utilizing 

SMAP soil moisture products if we fail to recognize this.

Variants of TC can provide:

1) Temporal error auto-covariance [Dong et al. 2017].

2) Spatial structure of error cross-correlation [Gruber et al. 2018].

3) Error covariance in SM products [Pierdicca et al. 2017; Gruber et al. 2016].

4) Error covariance with ancillary variables [Zwieback et al. 2018].

5) Non-parametric mutual information [Nearing et al. 2017].
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Regular Triple Collocation Modified Triple Collocation

Introduced by Zwieback et al. [2013], implemented (in time) by Dong et al. 

[2017] and (in space) by Gruber et al. [2015; 2018]

Yields random error variance
L = lag operator

Yields random error auto-covariance

Extension of TC to Lagged Covariances
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Temporal Error Auto-Covariance

Time scale of auto-covariance lag 

~3-4 day average interval between 

successive SMAP AM retrievals.

Interannual NDVI variability

Dong et al. [2017]

Error auto-cov. in SCA SM anomalies

Error auto-cov. in DCA SM anomalies
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Spatial Error Cross-Correlation

Spatial Error Cross-Correlation Function

Gruber and Crow [2015]; Gruber et al. [2018]

Temporal cross-correlation of error in two points separated in space.

separation = single 0.25°-pixel 

(averaged in cardinal directions) 

ASCAT

LSM
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SM Error Cross-Correlation

Triple collocation (TC) = 6 combination pairs to estimate 6 parameters (1 

signal variance, 3 error variances, and 2 gains) [well-posed if error cross-

correlations are assumed zero].

Quadruple collocation (QC) = 10 combination pairs to estimate 8 parameters 

(1 signal variance, 4 error variances and 3 gains) [over-constrained if error 

cross-correlations are assumed zero]

Ways in which this over-constraint can be leveraged:

1) Apply least-squares regression to reduce sampling uncertainties [Pierdicca

et al. 2015].

2) Make certain assumptions about the presence of cross-correlated errors 

and solve for a sub-set of error cross-correlation parameters [Gruber et al. 

2016; Pierdicca et al. 2017]. 
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SM Error Cross-Correlation

Gruber et al. [2016]

Non-negligible error cross-correlation between AMSR-E and ASCAT:

Similar results found in: Yilmaz and Crow [2014], Pierdicca et al. [2017] and Chen et 

al. [2018] (w/ SMAP and ASCAT).

Best Practice for Global TC:

Apply QC analysis at sparse ground observation sites. 

Use results to inform the interpretation of (continuous) 

global TC results [Chen et al., 2018].

[LSM, ground-based, active, passive]


